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Helpful dog: The evolved social bond be-
tween dogs and humans enables both spe-
cies to help each other. (Photo: Tomas 
Caspers/Wikimedia Commons.)Independently, Attila Andics and 
colleagues at Budapest have also 
used functional MRI to compare 
dogs and humans and found that 
a voice area in the dog brain exists 
and responds to vocal stimuli in very 
similar ways to ours (Curr. Biol. (2014) 
24, 574–578). Furthermore, Victoria 
Ratcliffe and David Reby from the 
University of Sussex at Falmer, UK, 
have reported behavioural studies 
suggesting that the asymmetric 
distribution of voice-related tasks 
between the hemispheres of the brain 
is also similar between dogs and 
humans (Curr. Biol. (2014) 24, 2908–
2912). Whether these analogies are 
due to convergence or shared origins 
remains to be established. 
Considering these neurological 
insights, and given that both humans 
and dogs evolved in the same social 
context — the human family group — 
for tens of thousands of years, it is only 
reasonable to study psychology and 
behaviour across both species. It might 
help humans and dogs to adjust to 
today’s world which is very different to 
the one in which both fi rst teamed up. 
Michael Gross is a science writer based at 
Oxford. He can be contacted via his web page 
at www.michaelgross.co.ukR736 Current Biology 25, R733–R752, AuguNoise knows no 
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Can you remember the last time you 
were awake but heard nothing? No 
people. No animals. No machines. No 
music. Nothing. If you are like me (and 
like most people with normal hearing), 
you probably have diffi culty recalling 
an instance of hearing absolutely 
nothing at all. Someone or something 
somewhere is making sound — 
making noise. The inescapability of 
noise and its impacts on the evolution 
of communication are the subjects of 
Noise Matters, the new book by Haven 
Wiley (Figure 1).
Noise Matters refl ects the 
developmental arc of its author’s 
thinking over several decades of 
research on various noise matters, 
culminating in this insightful illustration 
of just how much noise matters. (The 
author thanks his wife for his cleverly 
ambiguous title.) Wiley’s central thesis 
is both simple and correct: perfection 
in communication — whether between 
animals, people, machines, or the 
cells in our bodies — is unattainable 
because noise and its consequences 
are inescapable. In laying out the 
evidence for this argument, Wiley 
takes his readers on a far-ranging 
journey — from the physics of sound 
and the basics of auditory perception 
through Signal Detection Theory, 
Decision Theory, Game Theory, and a 
review of much of his own research — 
to help us understand the pervasive 
impacts of noise on the evolution 
of animal communication. But he 
does not stop there. He goes on to 
share his insights into how a better 
understanding of noisy communication 
might enlighten our thinking on a 
diversity of issues, from solipsism to 
cancer. 
The author’s clearly stated 
objectives are to present a framework 
Book reviewst 31, 2015 ©2015 Elsevier Ltd All rights reservfor studying noisy communication 
and to discuss its wide-ranging 
implications. Readers interested in 
animal behavior stand to gain the most 
from the book. But those with interests 
in fi elds as diverse as molecular 
biology, medicine, linguistics, and 
philosophy will surely fi nd something 
worth reading and discussing with 
friends and colleagues. This book is 
not — nor does the author pretend 
it to be — a comprehensive review 
of scientifi c studies of noise and its 
impacts on animal communication. 
In fact, nearly all references to 
primary literature are removed from 
the main narrative to an end section 
for Bibliographic and Other Notes. 
At times I found this frustrating, as I 
wanted to know what empirical studies 
were informing the author’s main 
message while reading it. The recent 
volume edited by Henrik Brumm, 
in which Wiley has an important 
chapter foreshadowing his new book, 
is a more useful resource for broad, 
comprehensive reviews of primary 
literature (Animal Communication and 
Noise, 2013, Springer: Berlin). 
Potential readers should also be 
aware that the book’s subtitle (The 
Evolution of Communication) is very 
much an example of honesty in 
communication. Wiley’s treatment 
of the perceptual and neurosensory 
mechanisms that allow animals to 
cope with noise is cursory and, at 
times, just adequate to frame his 
larger evolutionary argument. As a 
result, the author misses an important 
opportunity to link research on noisy 
communication in animals to the 
intense and ongoing research efforts 
aimed at discovering how people with 
normal and impaired hearing cope with 
noise. 
Noise Matters is divided into four 
parts, the fi rst three of which deal 
primarily with nonhuman animal 
communication. The classic defi nition 
of animal communication is “an 
exchange of information between a 
signaler and receiver in the form of a 
signal that is transmitted through some 
medium.” Notable for its absence 
from that defi nition is noise and its 
infl uence on the decisions of receivers. 
For many decades, we animal 
behaviorists have been concerned 
largely, though not exclusively, with 
signalers, their signals, and successes ed
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Figure 1. Noise knows no limits.
The recent book Noise Matters by R. Haven 
Wiley provides readers with an overview of the 
impacts of noise and the evolution of commu-
nication.in communication, too often 
considering the errors of receivers as 
mere ‘statistical noise’ in the data. 
But as Wiley explains, the exchange 
of information in the form of signals is 
always — not sometimes, always — 
prone to noise-induced errors on 
the part of receivers. Wiley deftly 
maneuvers his readers into a position 
to appreciate the myriad sources of 
noise in communication, their role in 
generating receiver errors, and how 
these errors shape the evolution of 
communication systems. In so doing, 
he shines a bright light on behavioral 
biology’s historically myopic and tacit 
view of communication as that which 
signalers do with their signals.
In Part I (“Noise and Ways to Reduce 
It”), Wiley draws on his extensive 
research on acoustic communication 
in birds to introduce readers to several 
basic concepts in communication. 
These concepts include signal (i.e., 
sound) production by signalers, signal 
transmission, and sensory (auditory) 
perception by receivers. While 
acoustic communication provides the 
majority of his illustrative examples, 
Wiley is diligent in pointing out how the 
same principles apply in other sensory 
modalities too. What the chapters 
in Part I accomplish, collectively, is 
bringing all readers up to speed on 
the many different ways noise invades 
the communication process. Identical 
circumstances may elicit signals from 
signalers or responses from receivers 
on only some occasions (noise). 
Signalers do not always produce a 
given signal exactly the same way 
each time (noise). Signals are altered 
as they propagate through the animals’ 
habitat (noise). Other biotic and abiotic 
elements present in the habitat, 
such as other signalers of the same 
or different species, rustling leaves, 
or running water, may interfere with 
signal reception by receivers (noise). 
Spontaneous activity in a receiver’s 
nervous system can interfere with 
signal reception (noise). By the end of 
Part I, few readers will have remaining 
doubts that noise is a pervasive 
problem in communication. 
One delightful aspect of Part I 
is Wiley’s treatment of the role of 
information in communication, which 
I found to be straightforward and 
elegant in its simplicity. From time 
to time, the fi eld of animal behavior Cuwhips itself into a short-lived frenzy 
about the nature of information in 
animal signals. These debates stem 
from disagreements about whether 
signalers produce signals to inform 
receivers or to manipulate them, a 
distinction Wiley rightly regards as a 
false dichotomy. Wiley’s clear-headed 
explanation distinguishing between the 
mathematical quantity of information 
(i.e., a signal’s predictability) and the 
biological quality of information (i.e., a 
signal’s reliability) should help the fi eld 
place future debates on information in 
animal signals in their rightful place, 
which is in the past.
In Part II (“Evolution of Signalers 
and Receivers”), Wiley purposefully 
and methodically builds his case for 
the inescapable impacts of noise 
on the evolution of communication. 
His objective in this section is to 
develop a model for understanding the 
coevolution of signalers and receivers. 
His model effortlessly entwines Signal 
Detection Theory, Decision Theory, 
and Game Theory. Those familiar with 
Wiley’s scholarly work have witnessed 
the ontogeny of his model over the last 
two decades. In laying out its logic, 
Wiley is careful to take readers by the 
hand each step of the way. For some, 
this will be a nice review; others will fi nd 
it a nurturing introduction to new ideas. 
With each new concept, Wiley outlines 
the mathematical basis behind it, and 
then follows up with lucid accounts of 
biological examples chosen primarily 
from the literature on mate choice (one 
of his own areas of research), alarm 
signaling, and mimicry.
At the heart of Wiley’s model is 
Signal Detection Theory. Developed in 
the 1950s to study human perception, 
Signal Detection Theory builds from 
the notion that the responses of a 
receiver’s sensory system to noise 
alone, and to signals presented in 
noise, can be characterized as two 
partially-overlapping probability 
density functions (Figure 2). At any 
particular instant that a receiver 
attends its sensory input, it must 
decide whether or not a signal is 
present. That is, it must decide 
whether the activity of its sensory 
receptors corresponds to noise or 
signal+noise. To make this decision, 
the receiver needs a threshold criterion 
to determine the level of activity at 
which it will decide a signal is present. rrent Biology 25, R733–R752, August 31, 2015 ©What Signal Detection Theory 
makes explicit is that for any threshold 
placement, receivers face inevitable 
trade-offs between four possible 
outcomes that arise from the overlap 
of the noise and signal+noise 
distributions (Figure 2). If a receiver 
sets a high threshold, it can have 
confi dence (but not certainty) that 
when it decides a signal is present, 
a signal is very likely to be present. 
This outcome is a ‘correct detection’. 
When signals are absent, the receiver 
can also be confi dent that it will rarely 
respond to noise by mistake, an 
outcome called a ‘correct rejection’. 
However, with a high threshold the 
receiver may fail to respond to many 
signals that are actually present, an 
error termed a ‘missed detection’. 
The receiver could minimize missed 
detections by lowering its threshold, 
but it does so at a cost. With a lower 
threshold, it is now more likely to 
respond to noise alone in the absence 
of a signal, an error termed a ‘false 
alarm’. Hence, lowering the threshold 
increases both correct detections 
(responding to signals) and false 
alarms (responding to noise), while 
raising the threshold increases both 
correct rejections (not responding to 2015 Elsevier Ltd All rights reserved R737
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Figure 2. Signal Detection Theory and animal 
communication. 
Noise and signals in the presence of noise 
generate overlapping distributions of activity 
in a receiver›s sensory system. The receiver›s 
task is to determine whether or not a signal is 
present based on this activity. They do so by 
setting a threshold criterion for responding. 
This creates four possible outcomes: correct 
detection (receiver responds to a signal), false 
alarm (receiver responds to noise), correct 
rejection (receiver does not respond to noise 
alone), and missed detection (receiver fails to 
respond to a signal). Receivers evolve to have 
thresholds that optimize the inevitable trade-
offs between these correct decisions and 
errors. The separation between the noise and 
signal+noise distributions is a function of sig-
nal exaggeration. Signalers evolve to produce 
an optimal level of exaggeration. The commu-
nication system itself evolves to fi nd the joint 
optimum for signalers and receivers. Given the 
trade-offs receivers face due to the unavoidable 
overlap between the noise and signal+noise 
distributions, the joint optimum cannot cor-
respond to error-free communication. Noise-
induced errors are inescapable.noise) and missed detections (not 
responding to signals). The key insight 
into the evolution of communication 
offered by Signal Detection Theory is 
this: because noise is ever present, 
receivers face inevitable trade-offs 
that prevent them from simultaneously 
maximizing correct decisions 
and minimizing errors. Perfect 
communication is simply unattainable.
 So where should a receiver place its 
threshold? And to what extent should 
signalers exaggerate their signals to 
make them more obviously different 
from noise alone? Wiley’s answer to 
these questions comes from Decision 
Theory: it depends on the ‘utility’ of the 
receiver’s threshold and the signaler’s 
level of exaggeration. For receivers, 
correct decisions yield benefi ts in terms 
of evolutionary fi tness (e.g., mating 
with a high quality partner, a correct 
detection), and errors incur fi tness 
costs (e.g., mating with a partner of 
the wrong species, a false alarm). 
The utility of a particular threshold R738 Current Biology 25, R733–R752, Augudepends on the probability of a signal 
being present and on the relative 
benefi ts and costs of the four possible 
outcomes of any decision. Importantly, 
a threshold’s utiity also depends on 
the degree of overlap between the 
noise and signal+noise distributions, 
which itself depends on the signaler’s 
level of exaggeration. For signalers, 
exaggerating signals also has both 
benefi ts (e.g., increased chances of 
attracting a mate) and costs (e.g., 
increased chances of attracting the 
attention of a predator). The utility of a 
particular level of signal exaggeration 
thus depends on the intrinsic benefi ts 
and costs of signaling (compared 
to not signaling) and the marginal 
benefi ts and costs of a particular level 
of exaggeration. But importantly, the 
utility of exaggeration also depends 
on the probability of eliciting a correct 
detection from a receiver, which itself 
depends on the receiver’s threshold. 
In short, the utilities of receiver 
thresholds and signal exaggeration are 
inextricably linked. Wiley next turns to 
evolutionary Game Theory to model 
a joint optimum for the coevolution 
of signalers and receivers engaged in 
noisy communication. 
Step by step, Wiley guides his readers 
through the process of fi nding the Nash 
equilibrium corresponding to a joint 
optimum for signal exaggeration and 
receiver thresholds. This equilibrium 
represents the combination of 
exaggeration and threshold at which 
both receivers and signalers do best, 
so long as the other party also does the 
best it can. Departures from equilibrium 
by either party result in reduced utility 
for both parties. Because benefi ts and 
costs are couched in the currency of 
survival and reproduction, Wiley is 
able to conceptualize plots of optimal 
threshold versus optimal exaggeration 
as topographic landscapes of natural 
selection. These landscapes can be 
used to predict the course of evolution 
for a communication system from any 
starting combination of threshold and 
exaggeration. Having brought the model 
to completion, Wiley carefully illustrates 
its use in the contexts of mate choice, 
alarm signaling, and mimicry.
Three critically important points 
about the evolution of animal 
communication, and how we study it, 
are to be taken from Wiley’s model. 
First, noise is inescapable and st 31, 2015 ©2015 Elsevier Ltd All rights reservincorporated at the earliest stage of the 
model. Consequently, signalers and 
receivers cannot evolve to completely 
eliminate noise-induced errors. Absent 
in the classic defi nition of animal 
communication, noise is here to stay in 
Wiley’s account: “an understanding of 
communication is unlikely to progress 
by assuming that noise is an aberration 
in communication rather than the 
norm.” Second, at the joint optimum 
for signal exaggeration and receiver 
thresholds, both parties benefi t from 
communication on average, meaning 
that signals are generally honest. 
Finally, Wiley’s model makes explicit 
some 20 parameters shaping the 
evolution of communication in noise, 
such as the benefi ts and costs of the 
four possible outcomes of receiver 
decisions and the marginal costs of 
exaggeration. In several places in 
the text, Wiley laments the dearth of 
studies that have actually measured 
these parameters. This is the closest 
he comes to stating a clear directive for 
future research.
In Part III (“Altered Perspectives”), 
Wiley addresses challenges posed by 
his new model of noisy communication 
to our current thinking about many 
key issues in animal behavior, 
including sexual selection, signal 
honesty, cooperation, individual 
recognition, kin selection, complex 
societies, and even signaling and 
communication between molecules. 
While the chapters of Part III are 
chock-full of interesting and insightful 
perspectives, the links back to Wiley’s 
model are, at times, strained and 
less clearly developed and presented 
compared with other sections of 
the book. Parts of this section also 
presuppose a bit more familiarity 
with historically important issues in 
behavioral biology than some non-
expert readers might possess. This 
criticism aside, Wiley’s analyses in this 
section, especially those pertaining to 
sexual selection and signal honesty, 
will be of broad interest to animal 
behaviorists for their potential to 
engender some controversy. For 
example, Wiley believes that, “because 
Signal Detection Theory explains the 
evolution of honesty in communication 
without recourse to any special role 
for their costs, it supersedes the 
current emphasis on the cost of 
signals as a preeminent requirement ed
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Zahavi’s “Handicap Principle” and Alan 
Grafen’s mathematical support for it, in 
which the costs of exaggerated signals 
promote their evolution. In Wiley’s 
model, “honesty and exaggeration in 
noisy communication evolve despite 
costs, rather than because of them.” 
Wiley goes so far as to claim that, 
despite their dominant infl uence on 
the fi eld, previous studies on the costs 
of honest signaling “contribute little 
to understanding the evolution of 
communication.” This view is certain 
to ruffl e some bright, showy tail 
feathers!
Finally, in Part IV (“Far Horizons”), 
Wiley removes the mantle of behavioral 
biologist to don that of philosopher. 
In a series of short chapters, Wiley 
illuminates potentially important 
and underappreciated connections 
between noisy communication and a 
seemingly limitless range of topics, 
including human language and thought, 
self awareness, subjectivity versus 
objectivity, theory of mind, and science 
and skepticism. Wiley freely admits to 
wading into less familiar waters, which 
is apparent in this section’s emphasis 
on breadth instead of depth. Yet his 
reasons for doing so are clear, and 
as to be expected for an evolutionary 
biologist, they are based on a careful 
analysis of benefi ts and costs: 
…as I always reminded my students, 
it is well to keep an eye on the 
horizons around even the most 
focused question. There are fruits to 
be gathered and seeds to be sown 
in distant lands. The challenge, of 
course, is that these horizons, not so 
distant ones even, are already well 
populated by indigenous experts. 
Intrusion inevitably meets resistance, 
although mutual invigoration 
sometimes ensues. 
If the benefi t of invigoration between 
behavioral biology and philosophy is 
truly mutual, then it will surely out-
weigh the inevitable cost of resistance 
that will arise along the way. Wiley’s 
book represents an important, and 
large, fi rst step down this path.
Department of Ecology, Evolution, and 
Behavior, University of Minnesota, St. Paul, 
MN 55108, USA. 
E-mail: mbee@umn.eduCuJennifer Rohn
Jennifer Rohn is a Principal Research 
Associate in the Division of Medicine 
at University College London (UCL), 
UK. She earned her BA in Biology 
from Oberlin College in 1990, and 
a PhD in Microbiology from the 
University of Washington, Seattle in 
1996. After a postdoctoral position in 
London and a stint in biotech in the 
Netherlands, she worked in scientifi c 
publishing for a few years before 
returning to academia. She joined 
UCL in 2007. Currently she runs a 
lab investigating chronic urinary tract 
infection, a widespread and serious 
problem amongst the elderly. She’s 
also Editor of LabLit.com (www.lablit.
com), a website devoted to science 
culture, and chair of Science is Vital 
(www.scienceisvital.org.uk), a British 
grassroots organization championing 
research funding.
What turned you on to biology in 
the fi rst place? I am the daughter of 
artists, so I have no idea where my 
interest in science came from — it 
was neither nature nor nurture. It 
may simply have been that I was 
always encouraged to spend lots of 
time outdoors — an interest in fl ora 
and fauna came with the territory. I 
was forever catching bugs in nets 
and looking at pond water under the 
microscope, convinced I might see 
something that someone else had 
missed. Of course I never did, but the 
idea that I might was so compelling. 
That seductive feeling has kept me 
going since.
And what drew you to your specifi c 
fi eld of research? My PhD work 
was in virology, and I’ve always been 
interested in infectious diseases. 
I took a pretty wide detour over 
a 15-year period through cancer, 
apoptosis and cell shape, which 
gave me a diverse and fundamental 
grounding in cell biology, but more 
recently I’ve returned to my initial 
love. I was drawn to the cell biology 
of chronic urinary tract infections 
because it’s a fascinating problem 
involving clever bacterial subversion 
of host cell processes: certain species 
can invade the cell and form long-
Q & Arrent Biology 25, R733–R752, August 31, 2015 ©term reservoirs within, about which 
very little is known at the molecular 
level. But it wasn’t just the science: 
a passionate clinician I met at a 
cocktail party persuaded me that it’s a 
serious medical problem that few are 
addressing. Cell shape had become 
far too abstract for me — I had been 
hoping to make more of a difference 
to patients and to work more closely 
with them. When this clinician offered 
me the chance to run his lab, I leapt 
at the chance.
If you had to choose a different 
fi eld of biology, what would it be? 
I’m not sure, but I suspect if I could 
do it all over again, I’d become a 
doctor. Medics can do great lab 
research if they want, but they have a 
better career structure — there’s a job 
for everyone, and if that grant doesn’t 
come through, they can always go 
back to the wards. And I like the idea 
of affecting health from inside as well 
as out.
Do you have a scientifi c hero (dead 
or alive)? I’ve always admired Peyton 
Rous, the man who discovered tumor 
viruses. He slogged through day after 
day, grinding up tumors and injecting 
them into chickens until he fi nally 
struck gold. He’s a great example of 
how science is more about hunches, 
luck and hard work than anything 
else — it’s a lesson all researchers 
should take to heart.
What is the best advice you’ve been 
given? Life begins at 40. 
You do a lot of writing and 
broadcast work, and have 
published two novels. How do you 2015 Elsevier Ltd All rights reserved R739
